A search for the pair production of heavy leptons (N 0 , L ± ) as predicted by the type-III seesaw mechanism is presented. The search uses proton-proton collision data at a centre-of-mass energy of 13 TeV corresponding to 79.8 fb −1 of integrated luminosity recorded in 2015, 2016 and 2017 by the ATLAS detector at the Large Hadron Collider. The analysis focuses on the N 0 and L ± decays with intermediate W bosons and yielding two final-state light leptons (electrons or muons) of different flavor and charge combinations, with at least two jets and large missing transverse momentum in the final state. The search is optimized in six channels distinguished by the flavor combination and charge product of the final state lepton pair, where same charge or opposite charge final states are considered. Good agreement is observed between the number of events in data and Standard Model predictions. The results are translated into exclusion limits on heavy lepton m(N 0 , L ± ) masses, where N 0 and L ± are considered mass-degenerate. The observed lower 95 % confidence level limit on the mass of the type-III seesaw heavy leptons, where the branching fractions to all lepton flavors are assumed to be equal, is 560 GeV.
Introduction
The experimental observation of neutrino oscillation shows that neutrinos have non-zero masses, which are much smaller than those of the charged leptons (see Ref. [1] and references therein). The seesaw mechanism [2, 3] provides an elegant framework to explain the relative smallness of the neutrino masses, compared to other fundamental particles. The type-III model [4] introduces at least two extra triplets of heavy fermionic fields with zero hyper-charge in the adjoint representation of SU (2) L that couple to electroweak (EW) gauge bosons and generate neutrino masses through Yukawa couplings to the Higgs boson and neutrinos. Consequently, these new charged and neutral heavy leptons could be produced in EW processes in proton-proton collisions at the Large Hadron Collider (LHC).
The ATLAS search presented at this conference [5] uses a minimal type-III seesaw model [6] to optimize the analysis strategy and interpret the search results. This search focuses on the lightest fermionic triplet of unknown (heavy) masses with one neutral and two oppositely-charged leptons denoted by (L + , L − , N 0 ). Here L + is the antiparticle of L − and N 0 is a Majorana particle. These heavy leptons decay into a SM lepton and a W , Z or H boson. The heavy leptons are assumed to be degenerate in mass [7] and the decay branching ratios are considered equal for all three lepton flavors, with BR e = BR µ = BR τ = 1/3.
The dominant production mechanism for type-III seesaw heavy leptons in pp collisions is pair-production through pp → W * → N 0 L ± , and the largest branching fraction is the one with two W bosons in the final state. This search is optimized for the dominant processes pp → N 0 L ± → W ± ∓ W ± ν and pp → N 0 L ± → W ∓ ∓ W ± ν, where one W boson decays leptonically and the other decays hadronically. Only final states containing electrons and muons are considered, also including those from leptonic tau decays.
In summary, the exclusive topology of the final state consists of two jets from the hadronically decaying W boson, large missing transverse momentum (E miss T ) and a lepton pair with either the same-sign charge (SS) or with the opposite-sign charge (OS) and with either same-flavor (ee or µ µ) or different-flavor (eµ) combinations.
Measured data and background composition
The ATLAS detector [8] at the LHC is a multi-purpose particle detector with a forwardbackward symmetric cylindrical geometry and a near 4π coverage in solid angle around the collision point. It consists of an inner tracking detector surrounded by a thin superconducting solenoid, electromagnetic and hadronic calorimeters, and a muon spectrometer incorporating three large superconducting toroidal magnets.
The data used in this analysis correspond to proton-proton (pp) collisions at √ s = 13 TeV recorded with the ATLAS detector at the LHC with proton bunches colliding every 25 ns and amounts to 79.8 fb −1 . The uncertainty on the combined 2015-2017 integrated luminosity is 2.0 % [9] , where the results for 2017 are still preliminary.
Samples of signal and background processes are simulated using Monte Carlo (MC) generators. Simulated background samples include Drell-Yan (qq → Z/γ * → + − ( = e, µ, τ)), diboson (WW , ZZ, W Z), top quark pair (tt) and single top quark production processes.
In general, the number of expected background events and the associated kinematic distributions are derived from a mixture of data-driven methods and simulation. Irreducible backgrounds containing real prompt leptons originate from SM processes producing opposite-sign and samesign lepton pairs. Irreducible background and signal model predictions are obtained from Monte Carlo simulated samples.
The same MC samples also provide a source of reducible background due to charge misidentification (charge-flip) in channels that contain electrons. The effect of muon charge misidentification has been shown to be negligible. The modeling of charge misidentification in MC simulation deviates from data and consequently charge reconstruction scale factors are derived in a data-driven way to compensate for the differences, as explained more in detail in Ref. [5] .
Another source of reducible background is given by events with at least one fake/non-prompt electron or muon, collectively called 'fakes'. For both, electrons and muons, this contribution is caused by secondary decays into light leptons of light-flavor or heavy-flavor mesons, embedded within jets. For electrons, a significant component of fakes arises from jets which satisfy the electron reconstruction criteria and from photon conversions. A data-driven approach is used to assess this contribution from production of W + jets, tt and multi-jet events, using the so-called 'fake factor' method, as described in Ref. [10] .
Analysis strategy and event selection
Selected events are then categorized into exclusive categories called analysis regions based on different sets of requirements on reconstructed objects. These regions are grouped according to their purpose: in control regions (CR) one fits the background normalizations to the data; in validation regions (VR) one can validate the background estimation methods by comparing the background model with data; finally, signal regions (SR), with enhanced signal-to-background ratios, are used to compare data to the expected signal-and-background hypothesis using statistical methodology detailed in Section 4.
The six OS and SS analysis channels are defined, according to the flavor combination ee, eµ, µ µ. Different selection criteria are applied to ensure the highest possible signal and background separation. For each signal event, the invariant dijet mass (m j j ) of the two leading (highest p T ) jets is expected to be close to the W mass. The dijet invariant mass is thus required to be in a window 60 GeV < m j j < 100 GeV.
As the signal process contains neutrinos in the final state, one of the most important selection criteria is based on the E miss T significance Sig(E miss T ) [11] . The value of Sig(E miss T ) is calculated using a maximum likelihood ratio method considering the direction of the E miss T and the calibrated objects as well their respective resolutions. The values of Sig(E miss T ) > 10 for the OS channels and Sig(E miss T ) > 7.5 for SS channels are required to maximize the analysis sensitivity. In the OS channels the azimuthal angle ∆φ (E miss T , l) min between the directions of four momenta of E miss T and closest lepton has a very good separation power, exploiting the different nature of E miss T between signal and background, where the latter tends to have a spurious component due to misreconstructed jets. For this variable, a requirement ∆φ (E miss T , l) min > 1 is used.
To further increase the expected signal significance additional selection criteria on the invariant mass of the lepton pair (m ), the dijet transverse momentum p T ( j j) and the dilepton transverse momentum p T ( ) are imposed.
Statistical analysis and results
The statistical analysis package HISTFITTER [12] was used to implement a binned maximumlikelihood fit of the H T + E miss T variable distribution, the sum of the E miss T and the scalar sum of the transverse momenta H T , in all control and signal regions to obtain the numbers of signal and background events. The likelihood is the product of a Poisson probability density function describing the observed number of events and Gaussian distributions to constrain the nuisance parameters associated with the systematic uncertainties. Taken from Ref. [5] .
Several sources of systematic uncertainty are accounted for in the analysis. These correspond to experimental and theoretical sources affecting both background and signal predictions. The impact of systematic uncertainties on both the total event yields as well as the changes in the shape of kinematic distributions is taken into account when performing the statistical analysis.
Additional free parameters are introduced for the tt and the diboson background contributions, to fit their yields in the analysis Top and m j j control regions, respectively. Fitting the yields of the largest backgrounds reduces the systematic uncertainty in the predicted yield from SM sources. The fitted normalizations are compatible with their SM predictions within the uncertainties. Figure 1 shows a good agreement within the uncertainties between expected background and observed events in all the regions and channels considered in the analysis.
After the fit, the compatibility between the data and the expected background is assessed and good agreement is observed, with a p-value of 0.5 for the background-only hypothesis. In absence of a significant deviation from expectations within uncertainties, 95 % confidence level (CL) upper limits were derived as a function of the heavy lepton mass on the signal strength µ SIG and hence on the signal production cross section, using the CL s method [13] . The resulting exclusion limits on both the µ SIG and signal cross section are shown in Figure 2 . The type-III seesaw heavy leptons N 0 and L ± expected limit is at 550 +68 −77 GeV, where the uncertainties on the limit are extracted from the ±1 σ band, while the observed limit has been placed at 560 GeV, excluding the mass values below this point. 
